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b = 11.1719 (6) A 
c = 11.5629 (5) A 
a = 99.043 (4)° 
= 93.330 (4)° 

Y = 111.733 (5)° 

V = 1146.69 (10) A^ 

Data collection 

Agilent SuperNova Dual 
diffractometer with an Atlas 
detector 

Absorption correction: multi-scan 
(CrysAlis PRO; Agilent, 2010) 
T^i„ = 0.218, r„„, = 0.353 



Z = 4 

Cu Ka radiation 
fj, = 8.78 mm"' 
r = 100 K 

0.25 X 0.20 X 0.15 mm 



6906 measured reflections 
4462 independent reflections 
4281 reflections with / > 2a(l) 
Ri„, = 0.039 
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Key indicators: single-crystal X-ray study; T = 1 00 K; mean o-(C-C) = 0.007 A; 
R factor = 0.049; wR factor = 0.139; data-to-parameter ratio = 15.2. 



Two independent molecules,! and 2, with similar conforma- 
tions comprise the asymmetric unit in the title compound, 
Ci2H9Br2NO. The major difference between the molecules 
relates to the relative orientation of the ketone-methyl groups 
[the C-C-C-C torsion angles are -1.7 (6) and -16.8 (6)° 
for molecules 1 and 2, respectively]; in each case, the ketone O 
atom is directed towards the ring-bound methyl group. The 
crystal packing comprises layers of molecules, sustained by 
C— H- ■ -O and tz-tt jring centroid(C6) of molecule 2 with NC5 
of molecule 1 [3.584 (3) A] and NC5 of molecule 2 
[3.615 (3) A]} interactions. C— H- ■ -Br contacts also occur. 



Refinement 

R[F^ > 2aiF^)] = 0.049 

wR{F^) = 0.139 

S = 1.11 

4462 reflections 



Table 1 

Hydrogen-bond geometry (A, °). 



293 parameters 

H-atom parameters constrained 
Apmax = 1.60 e A"' 
Ap„i„ = -1.38 e A"^ 



D-H-A 


D-H 


H - .4 


D- ■ A 


D-H-A 


C7-H7-02' 


0.95 


2.56 


3.453 (7) 


157 


C15-H15-Br4" 


0.95 


2.89 


3.796 (5) 


160 


C19-H19-01'" 


0.95 


2.60 


3.462 (6) 


152 


Symmetry codes: 


(1) -.v+1, 


-y + 2, -z + 1; 


(ii) -.v + 1.- 


/. -z + 2; (ill) 



-x,-y+l.-z+i. 

Data collection: CrysAlis PRO (Agilent, 2010); cell refinement: 
CrysAlis PRO; data reduction: CrysAlis PRO; program(s) used to 
solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to 
refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
ORTEP-3 (Farrugia, 1997), DIAMOND (Brandenburg, 2006) and 
Qmol (Gans & Shalloway, 2001); software used to prepare material 
for publication: publCIF (Westrip, 2010). 



Related literature 

For background details and the biological apphcations of 
quinolines, see: Kalluraya & Sreenivasa (1998); Xiang et al. 
(2006). For a related structure, see: Prasath et al. (2011). For 
additional structure analysis, see: Spek (2009). 



Br 




Experimental 

Crystal data 

CizHsBrjNO Triclinic, Pi 

Mr = 343.02 a = 9.7549 (5) A 
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Supplementary data and figures for this paper are available from the 
lUCr electronic archives (Reference: HB6406). 
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l-(6,8-Dibromo-2-methylquinolin-3-yl)ethanone 

R, Prasath, R Bhavana, S, W, Ng and E, R, T, Tiekink 

Comment 

Quinoline derivatives continue to attract wide interest owing to their occurrence in natural products and for their biological 
activity (Kalluraya & Sreenivasa, 1998; Xiang et al, 2006). In continuation of structural research in this area (Prasath et 
ai, 2011), the title compound, (I), was investigated. 

Two independent molecules comprise the crystallographic asymmetric of (I), Fig. 1 . The molecules are virtually super- 
imposable as seen in Fig. 2. The r.m.s. deviations for the bond distances and angles are 0.0088 A and 0.507 °, respectively 
(Spek, 2009). The major differences between the molecules are manifested in the values of the C7 — C8 — Cll — C12 and 
C19 — C20 — C23 — C24 torsion angles of -1.7 (6) and -16.8 (6) °, respectively indicating a twist of the ketone residue out 
of the plane of the quinolinyl ring in the second independent molecule. In each case, the ketone-0 atom is directed towards 
the ring-methyl group. 

In the crystal packing, C — H - O, Table 1, and n-n interactions are noted. The C — H - 0 and two closest n-n interactions 
lead to the formation of layers in the ac plane. The n-n interactions occur between the (C13-C18) ring and each of the 

(N1,C1,C6-C9)' [3.584 (3) A] and (N2,C13,C18-C21)" [3.615 (3) A] rings; symmetry operation /: 1 -x, 1 ->-, 1 -zand»: 
I - X, I - y, 2 - z. The resultant layers stack along the b axis. Fig. 3. 

Experimental 

To a mixture of 2-amino-3,5-dibromobenzaldehyde (0.01 M, 2.70 g) and acetylacetone (0.01 M, 1.02 ml), 10 ml of 1 N 
HCl was added. The reaction mixture was stirred at 363 K for 3 h. At the end of this period, the resulting suspension was 
neutralized with 10 ml of 1 N NaOH. The resultant solid was filtered, dried and purified by column chromatography using 
a 1:1 mixture of chloroform and hexane. Recrystallization was by slow evaporation of a chloroform solution of (I) which 
yielded light-brown prisms. Yield: 90%. Mpt. 433-435 K. 

Refinement 

Carbon-bound H-atoms were placed in calculated positions [C — H 0.95 to 0.98 A, (7iso(H) = 1.2 to 1.5(7eq(C)] and were 
included in the refinement in the riding model approximation. The maximum and minimum residual electron density peaks 
of 1.60 and 1.38 e A'^, respectively, were located 0.93 A and 0.70 A from the Br3 and Br2 atoms, respectively. 
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Figures 




Fig. 1. The molecular structures of the two independent molecules comprising the asymmetric 
unit of (I) showing displacement ellipsoids at the 70% probability level. 




Fig. 2. Overlay diagram of the two independent molecules comprising the asymmetric unit of 
(I). The first independent molecule (with atom SI) is shown in red. 



^^^^ 



Fig. 3. A view in projection down the c axis of the crystal packing in (I) highlighting the 
stacking of layers along the b axis. The C — H - 0 and C — H - Ji interactions are shown as or- 
ange and purple dashed lines, respectively. 



1-(6,8-Dibromo-2-methylquinolin-3-yl)ethanone 



Crystal data 




Ci2H9Br2NO 


Z=4 


M,.= 343.02 


^■(000) = 664 


Triclinic, P\ 


Dx= 1.987 Mgm"^ 


Hall symbol: -P 1 


Cu Ka radiation, = 1.54184 A 


a = 9.7549 (5) A 


Cell parameters from 4985 reflections 


6= 11.1719 (6) A 


6 = 3.9-74.1° 


c= 11.5629 (5) A 


H = 8.78 mm"' 


a = 99.043 (4)° 


T= 100 K 


13 = 93.330 (4)° 


Prism, light-brown 


y= 111.733 (5)° 


0.25 x 0.20 x 0.15 mm 


V= 1146.69 (10) A^ 
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Data collection 



Agilent SupcrNova Dual 
diifractometer with an Atlas detector 

Radiation source: SuperNova (Cu) X-ray Source 

Mirror 

Detector resolution: 10.4041 pixels mm"' 

CO scans 

Absorption correction: multi-scan 
{CrysAlis PRO; Agilent, 2010) 

r„i„ = 0.218, r„,ax = 0.353 
6906 measured reflections 



4462 independent reflections 

4281 reflections with /> 2a(/) 
/?i„,= 0.039 

emax = 74.3°, 9^ = 3.9° 
h = -\2^\2 

k = -U^U 

I = -14-^7 



Refinement 

Refinement on F 
Least-squares matrix: fiiU 

/?[i^>2a(^^)] = 0.049 

w/?(F^) = 0.139 

^■=1.11 

4462 reflections 
293 parameters 
0 restraints 



Primary atom site location: structure-invariant direct 

methods 

Secondary atom site location: difl^erence Fourier map 
Hydrogen site location: inferred fi^om neighbouring 
sites 

H-atom parameters constrained 

w = \I[<5\f„^) + (0.0872P)2 + 3.5949P] 
where P = (Fo^ + 2Fc^)/3 
(A/a)max= 0.001 

Apmax= 1.60e 
Apmin = -l-38eA"^ 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

2 2 

Refinement. Refinement ofF against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F , convention- 
al /{-factors R are based on F, with F set to zero for negative F^. The threshold expression of > <s{F^) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement, /{-factors based on are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A^) 

X y z Uiso*/Ueq 



Brl 0.64524(5) 0.65200(5) 0.49508 (4) 0.01426 (16) 

Br2 0.92320(5) 1.16226(5) 0.40306(4) 0.01406(16) 

Br3 0.85223 (5) 0.34850(5) 1.00127(4) 0.01197(15) 

Br4 0.24944(5) 0.00166(4) 0.93076(4) 0.01288(15) 

01 -0.0502(4) 0.7000(4) 0.2695(3) 0.0221 (8) 
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Atomic displacement parameters (A^) 
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0.0031 (15) 


A AA1 1 / ^ r \ 

0.0031 (16) 


CIO 


A AAO /'^\ 

0.008 (2) 


A A 1 ^' /'^X 

0.015 (2) 


A A 1 0 /'^X 

0.018 (2) 


A AAI / 1 A\ 

-0.0032 (19) 


A AAI 0 /I 0\ 

0.0038 (18) 


A AAAC / 1 A\ 

-0.0005 (19) 


Cll 


A A 1 

0.012 (2) 


A Al A /'^\ 

0.019 (2) 


A A 1 1 

0.011 (2) 


A AA^ 

0.006 (2) 


A AA 1^/1 '7\ 

0.0016 (17) 


A AA 1 /I 0\ 

0.0012 (18) 


Clz 


A A 1 T /''>\ 

U.U13 (2) 


A A 1 "7 \ 

0.017 (3) 


A A C A //I \ 

U.U5U (4) 


A A 1 A /''>\ 

U.UlU (2) 


A AAT /■'>\ 

0.003 (2) 


A AAO /'>\ 

0.008 (2) 


C13 


u.uuoo (ly) 


A AAO 

U.UU8 (2) 


A AATI / 1 o^ 

U.UU /3 (18) 


A AAT 1 /■ 1 '7^ 

U.UU32 (1 /) 


A AA 1 /C /■ 1 C\ 

U.UUlo (Id) 


A A A 1 C / 1 C\ 

U.UUlD (Id) 


C14 


A AAO /'^X 

0.008 (2) 


A A 1 /'^X 

0.015 (2) 


A A A /'I /■ 1 A\ 

0.0061 (19) 


A AACA /■ 1 0\ 

0.0050 (18) 


A AAA1 /I C\ 

0.0001 (15) 


A AA 1 "7 f r \ 

0.0017 (16) 


C15 


A A 1 

0.012 (2) 


A AATA /I A\ 

0.0070 (19) 


A Al yl /'^\ 

0.014 (2) 


A AA^A /I 0\ 

0.0060 (18) 


A AAAO /I '7\ 

0.0008 (17) 


A AA^'^ /I zr\ 

0.0062 (16) 


C16 


0.009 (2) 


0.009 (2) 


0.012 (2) 


0.0013 (18) 


0.0022 (16) 


0.0028 (17) 


C17 


0.007 (2) 


0.009 (2) 


0.011 (2) 


0.0048 (17) 


0.0006(15) 


0.0047(16) 


C18 


0.014 (2) 


0.012 (2) 


0.0048(18) 


0.0062 (18) 


0.0027 (16) 


0.0047 (16) 


C19 


0.013 (2) 


0.009 (2) 


0.0063 (19) 


0.0060(18) 


0.0003 (16) 


0.0017 (16) 


C20 


0.018(2) 


0.008 (2) 


0.0054 (18) 


0.0063 (18) 


0.0031 (16) 


0.0024(16) 


C21 


0.014(2) 


0.010(2) 


0.0042(18) 


0.0040(18) 


0.0036(16) 


0.0026(16) 


C22 


0.014 (2) 


0.012 (2) 


0.016(2) 


0.0012 (19) 


0.0046(18) 


0.0093 (18) 


C23 


0.019 (2) 


0.016(2) 


0.011 (2) 


0.010(2) 


0.0049(18) 


0.0086(18) 


C24 


0.018 (2) 


0.016 (2) 


0.021 (2) 


0.008 (2) 


0.0006 (19) 


0.0103 (19) 



Geometric parameters (A, °) 



Brl— C2 


1.886 (5) 


CIO— HIOC 


0.9800 


Br2— C4 


1.892 (5) 


Cll— C12 


1.503 (7) 


Br3— C14 


1.895 (4) 


C12— H12A 


0.9800 


Br4— C16 


1.894 (5) 


C12— H12B 


0.9800 


01— Cll 


1.215(6) 


C12— H12C 


0.9800 


02— C23 


1.211 (6) 


C13— C18 


1.414(6) 


Nl— C9 


1.328 (6) 


C13— C14 


1.426 (6) 


Nl— CI 


1.374(6) 


C14— C15 


1.379 (6) 


N2— C21 


1.324 (6) 


C15— C16 


1.401 (6) 


N2— C13 


1.355 (6) 


C15— H15 


0.9500 
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CI — Co 


1 Ann 
1.4U/ (O) 


Ci — Cz 


1 A TO 
LAZZ (oJ 


Cz — Ci 


l.i /4 (/J 


Ci — C4 


1 /1 1 "2 /'/^^ 


Ci — rii 


U.VjUU 


C4 — CD 


1 T 

l.iD / 


Cj — Co 


1 /1 1 /''7^ 


Cj — rij 


u.yjuu 


Co — C/ 


1.402 (/) 


C/ — Co 


l.i l~> \l) 


CI TT7 

^ / — n / 




C8 — C9 


1.443 (6) 


C8 — Cll 


1.508 (6) 


C9 — CIO 


1.499 (6) 


CIO — ^HlOA 


0.9800 


CIO — ^HlOB 


0.9800 


r^cx "\Ti 1 

— iN 1 — ci 


1 1 n 1 ^ A\ 
liy.l (4) 


Czl — JNZ — Ci J 


1 1 o n f A\ 
Uo.y (4) 


Ml /"'I 

JN 1 — Ci — Co 


1 n c t A\ 
Izz.D (4; 


JN 1 — L,l — L,Z 


liy.y (4) 


f^t^ 

Co — CI — Cz 


1 1 /.O (4) 


/"■Q /""T 

CJ — Cz — C 1 


111 T //I \ 
Izl.z (4) 


r^i /^o D«i 
Ci — Cz — Bri 


1 1 O T 

118./ (i J 


Ci — Cz — Brl 


IzU.l (i) 


Cz — CJ — C4 


1 1 n c / A\ 

uy.j ^4J 


f~\r^ y-cj TT-J 

C2 — Ci — Mi 


1 OA 1 


r^A /^l XJ'3 

C4 — Ci — Hi 


1 OA 

IzU.i 


CD — C4 Ci 


1 T 1 1 //I \ 

Izl.l (4) 


Cj — C4 — rJrz 


IZU.O ^4J 


Ci — C4 — r>rz 


1 1 Q O /"?\ 

llo.z (i J 


/^C 

C4 — CD — Co 


1 1 A T 

iiy. / (4j 


l~^A XJC 

C4 — C5 — rlD 


1 OA O 

IzU.Z 


/"'^ /"'C TUC 

Co — CD — HD 


1 T A T 

IzU.Z 


r^n r^a 

C / — Co — C 1 


11 l.i (4) 


r^n r^^. r^z 
C / — Co — C5 


1 O 1 "7 //I \ 

Izl . / (4) 


/"■I /""c 
Ci — Co — CD 


1 O 1 A //I \ 

Izl.U (4) 


t~^Q f^n f^£, 
Cs — C / — Co 


111 1 //I \ 
Izl.l (4) 


/-iQ r^n TTT 
Co — C / — M / 


1 1 O /I 

iiy.4 


f^i^ f^n m 
Co — C / — H / 


1 1 A ^ 

1 iy.4 


f^n /^o /^ct 

c / — Co — cy 


1 1 O A //I \ 

Uo.U ^4J 


/^T r^o 1 
C/ — Co — Cll 


1 1 8.4 (4J 


r^c\ r^o 1 
Cy — Co — C 1 1 


12i.O (4J 


"\Ti r^ct /~^o 

s\ 1 — cy — cs 


1 O 1 A //I \ 

izi.y (4) 


Nl— C9— CIO 


114.9 (4) 


C8— C9— CIO 


123.2 (4) 


C9— CIO— HlOA 


109.5 


C9— CIO— HI OB 


109.5 


HlOA— CIO— HI OB 


109.5 


C9— CIO— HIOC 


109.5 
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C 1 0 — C 1 / 


l.ioo (o) 


C 1 / — C 1 o 


1.410 (oj 


T XJ1 n 
CI / — Ml / 


A ACAA 


clo — ciy 


1.4U/ yp) 


ciy — czu 


l.i /i (O) 


Ciy — xiiy 


A nCAA 


CzU — Czl 


1.433 (7) 


CzU — Czi 


1 CAC 

I.jUj (OJ 


Czl — Czz 


1 CAC 

I.jUj (o) 


Czz — HzzA 


A nOAA 

U.yoUU 


coo TT99R 


0 0800 


C22 — H22C 


0.9800 


C23 — C24 


1 519 (7 ) 


C24 — H24A 


0.9800 


C24 — H24B 


0.9800 


C24 — H24C 


0.9800 


H 1 zB — C 1 z — rl 1 zC 


1 AA C 

luy.D 


iNz — Cli — Clo 


ITT A i A\ 

Izi.U (4) 


JNZ — Cli — C14 


1 1A A I A\ 

lzU.4 (4J 


/"'lo /^ii r^i/i 
Clo — Cli — C14 


1 1 /C C i A\ 
llD.D \'\) 


CIS — C14 — Cli 


Izl.o (4) 


C 1 D — C 14 — riri 


1 1 A A i1\ 

1 ly.u \ i ) 


Cli — C14 — Bri 


1 1 A 1 11\ 

uy.z (ij 


C 14 — C 1 D — C 1 0 


1 1 A /I i A\ 

1 iy.4 (4) 


/"'l/l /"'IC XJ1C 

C14 CIS — HI J 


1 'lA 1 

IzU.i 


Clo — Clj — MID 


1 OA "5 

12U.i 


/~^n 

CI / — Clo — CID 


111 a i A\ 
Izl.o (4; 


C 1 / — C 1 0 — Br4 


1 TA 1 //I \ 

IzU.i (4) 


CID — CIO — 014 


11 0.1 (^ij 


r^^n /~^io 
Clo — CI / — C18 


1 1 A A i A\ 

iiy.u (4) 


r^n un 
CIO — CI / — HI / 


IzU.D 


/^io f^^n U1T 
C 1 S — C 1 / — H 1 / 


1 TA C 

IzU.D 


/"■lA /^10 /""IT 

Ciy — Clo — ci / 


Izl.o (4) 


/~^1A /~^10 /"^ll 

Ciy — C18 — Cli 


110.8 (4) 


/^io /^ii 
C 1 / — C 1 0 — C 1 i 


1 T 1 ( A \ 

Izl.o (4) 


CzU — c 1 y — c 1 0 


1 OA Q i A\ 

IzU.o (4) 


f^"tPt 1 A U1A 

CzU — c 1 y — H 1 y 


1 1 A 

uy.D 


Clo — Ciy — Miy 


1 1 O A 

iiy.o 


c 1 y — CzU — Cz 1 


1 1 O 1 

11 0.1 (4) 


C 1 y — CzU — Czi 


1 1 O A ( A\ 

iio.y (4) 


/""ll /""lA 

Cz 1 — CzU — Czi 


1 T> A { A \ 
ill 3 (4) 


JNz — Cz 1 — CzU 


lzz.4 (4) 


ATT 1 /^T> 

JN z — Cz 1 — Czz 


1 1 ^ O / A\ 

1 14.0 (4) 


C20— C21— C22 


122.8 (4) 


C21— C22— H22A 


109.5 


C21— C22— H22B 


109.5 


H22A— C22— H22B 


109.5 


C21— C22— H22C 


109.5 


H22A— C22— H22C 


109.5 
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HlUA — ClU — hllUC 


1 An z 

luy.j 




1 An z 


Ul — Cll — Clz 


120.3 (5) 


Ul — Cll — Co 


1 n 1 /z\ 
Izz.l pj 


pi 9 pi 1 pQ 


1 1 7 S {A\ 


Cll — C12 — ^H12A 


109.5 


Cll — C12 — ^H12B 


109.5 


H12A — C12 — H12B 


109.5 


Cll — C12 — H12C 


109.5 


H12A — C12 — H12C 


109.5 


i^Ci Ml /^/z 

cy — JN 1 — CI — Co 


U.4 (o) 


/^O ATI i^l i^O 

cy — JN 1 — c 1 — cz 


—I /y.o {h) 


"\T1 i^l i^*} 

JN 1 — CI — Cz — C:> 


1 Tn 1 //I \ 
1 /y.i (4) 


i^/r i^i r^i 

Co — C 1 — Cz — C J 


A n 
—yj.y ip) 


Ml 1 

JNl — CI — Cz — ^rSrl 


A A /'Z\ 
U.U (j J 


/^/T /^O D*1 

Co — C 1 — Cz — dT 1 


1 'TO 0 

1 /y.o {j ) 


/^T /^l /^/l 

CI — Cz — C3 — C4 


U.J (o) 


rJr 1 — Cz — C J — C4 


1 '7n o 

1 /y.o (jj 


/^l /^A /^C 

Cz — C3 — C4 — C J 


-0.2 (7) 


Cz — C3 — C4 — Brz 


1 no A /"5\ 

1 /o.4 (ij 


/^i {~^/z 
C3 — C^l — Cj — Co 


A /I /"7\ 

0.4 (7) 


Brz — C4 — C J — Co 


—1 /o.l (j) 


Ml /^1 /^iC /^T 

JN 1 — CI — Co — C / 


U.z (oj 


^^'1 /^1 i^/C 

Cz — C 1 — Co — C / 


1 '7n A \ 
— 1 /y.o (4) 


XT1 /^1 i^^C 

JN 1 — CI — Co — Cj 


1 "Tn T \ 

—1 /y.z (4) 


/^O /^iC /^c 

Cz — C 1 — Co — C J 


1.1 (6) 


r^A r^fi. r^n 
C4 — C J — Co — C / 


1 '70 Q 

1 /y.o {h) 


r^A r^z r^c 

C4 — CD — Co — C 1 


A n <"7\ 
-0.9 (7) 


i^i <^/r r^n r^Q 

CI — CO — C / — Co 


0.7 (7; 


r^z r^£. r^n r^o 
Cj — Co — C / — Co 


1 OA A 

— loU.U (4J 


/^iC r^n r^Q r^c\ 

Co — c / — Co — cy 


— z.U (oj 


/^/C r^n r^Q i 
Co — C / — Co — C 1 1 


1 / / .O (4) 


Ml f^C\ f^Q 

CI — JN 1 — CV — Co 


-1.9 (6) 


XT1 t~^c\ f\ 

CI — JN 1 — cy — ClU 


1 '70 C 

1 /o.j (4) 


r^n f^Q r^c\ mi 

c / — Co — cy — JN 1 


2.7 (6) 


1 f^Q f^C\ Ml 

CI 1 — Co — cy — JN 1 


^1 /O.y (4) 


C7 — Cs — Cy — c 1 0 


—177.7 (4) 


Cll— C8— C9— CIO 


2.7 (7) 


C7— C8— Cll— 01 


179.7 (4) 


C9— C8— Cll— 01 


-0.7 (7) 


C7— C8— Cll— C12 


-1.7(6) 


C9— C8— Cll— C12 


177.9 (4) 



Hzzd — Czz — rlzzC 


1 An z 

luy.j 


Uz — Cz J — Cz U 


1 T> Z fA\ 

lZZ.d (4) 


Uz — Cz 3 — Cz4 


1 1 n "7 
liy. / (4) 


/^1A 

CzU — Czj — Cz4 


I 1 '7 O /'A\ 

II /.O (4J 


P?'^ CJd H74A 


i U". J 


C23 — C24 — H24B 


109.5 


H24A — C24 — H24B 


109.5 


C23 — C24 — H24C 


109.5 


H24A — C24 — H24C 


109.5 


H24B — C24 — H24C 


109.5 


L.2 1 — JN2 — L- i j — L. 1 0 


U.Z (OJ 


/^0 1 MO /"^ 1 "I /"^ 1 /I 

L.21 — JN2 — Cii — L.i4 


1 '70 iC /'A\ 

—1 /y.o (4J 


"\TO /"'IT 

JNz — Clo — C14 CO 


1 '7'7 n i'A\ 

—[ / / .y (4j 


r^iQ r^i^ 
Clo — CI J — d4 — CI J 


2.3 (6) 


JN2 — L-li — L.14 — Ut5 


1 n 

1.9 (5) 


/^10 /^ll D„0 


1 '7'7 O 

—1 / /.y (jj 


CI J — C14 — CI J — Clo 


1 1 /"7\ 

-1.1 (7) 


Bo — C14 — CO — Clo 


1 '7n 1 /"TA 
1 /y.l (jj 


C14 — CO — Clo — CI / 


1 1 /'7\ 

-1.2 (7) 


/^ic /^i/; r>.-/i 
C 1 4 — C 1 J — C 1 0 — h5r4 


1 /o.z (JJ 


/^1C /^IT /^io 

C 1 J — C 1 0 — C 1 / — C 1 6 


2.1 (7) 


JD^A /^i/; /^io 
Br4 — C 1 0 — C 1 / — C 1 S 


1 '7'7 Q \ 
— 1 / /.J (j) 


Clo — CI / — Clo — ciy 


1 '70 A /'A\ 

1 /o.4 (4) 


Clo — CI / — Clo — Co 


A O 

— U.o (o) 


MO /^i*! /^io 

iNz — CI J — Clo — CI 9 


A A 

— U.4 (o) 


C14 — CI J — Clo — C19 


1 ^n /I \ 
1 /y.4 (4) 


XTO /^10 /^10 

JN2 — CIJ — Clo — CI / 


1 '70 O /'A\ 

1 /o.o (4) 


C14 — Co — Clo — CI / 


-1.3 (6) 


C 1 / — C 1 0 — C 1 9 — CzU 


1 ^n f\ i'A \ 
— 1 /y.U (4) 


/^io /^OA 
C 1 i — C 1 0 — C 1 9 — CzU 


0.3 (6) 


/^10 /^1A /^OA /^01 

C 1 0 — C 1 9 — CzU — Cz 1 


0.1 (6) 


/^10 /^1A /^OA /^Ol 

C 1 0 — C 1 9 — CzU — Cz3 


1 TO O 

—1 /o.z (4J 


Co — iNz — Czl — CzU 


U.Z (o) 


/^ll MO /^0 1 /^OO 

C 1 i — JN z — Cz 1 — Czz 


1 '70 A /A\ 

— 1 /o.4 (4) 


C 1 y — CzU — Cz 1 — JN Z 


A A 

—U.4 (o) 


/^01 /^OA /^0 1 MO 

Czi — CzU — Cz 1 — JN z 


1 TT n \ 
1 / / .y (4) 


1 A /^OA /^01 /^OO 

c 1 y — CzU — Cz 1 — Czz 


1 "70 1 /■ /I \ 

178.2 (4) 


C23— C20— C21— C22 


-3.6(6) 


C19— C20— C23— 02 


162.9 (5) 


C21— C20— C23— 02 


-15.4 (7) 


C19— C20— C23— C24 


-16.8 (6) 


C2 1— C20— C23— C24 


165.0 (4) 



Hydrogen-bond geometry (A, °) 

D—n-A D— H n-A D-A D—H-A 

C7— H7-02' 0.95 2.56 3.453 (7) 157 

C15— H15-Br4" 0.95 2.89 3.796(5) 160 
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